Objective: To perform the transcultural adaptation to Brazil and validation of the Halitosis Associated Life-quality Test (HALT) for use in adolescents. Material and Methods: Students aged 12 to 15 years, of both sexes, with healthy permanent dentition, attending public schools in Piracicaba, Brazil, were selected for this study. The HALT was translated, backtranslated, reviewed by an expert committee and submitted to a pre-test. In the first phase (n = 13), 15% of the sample did not understand items 2, 12 and 15; therefore, these items were reformulated and resubmitted to 13 adolescents. The version with a sociocultural adaptation was self-applied by 56 adolescents (64% females, 13.4 ± 1.0 years), of whom 25 participated in the test-retest. The presence of visible biofilm, gingival bleeding, calculus and tongue coating, was evaluated. Selfperception of halitosis after exhalation/breathing was assessed by a single question. Results: The HALT score ranged from 0 to 62 points (mean = 10.1±13.4) and the floor effect was 5.4%. Internal consistency was excellent (Cronbach's alpha = 0.92) and reproducibility was moderate (Intraclass Correlation Coefficient = 0.59). Individuals with "excessive" tongue coating had a higher HALT score than those with mild and/or moderate coating (p<0.001). Multiple linear regression analysis indicated that only the male sex was related to a higher HALT score (p<0.05). Conclusion: The Brazilian Portuguese version of the HALT was easily understood by adolescents. Those with greater tongue coating accumulation reported more frequently the presence of halitosis, which was only associated to male sex.
Introduction
Halitosis, also known as bad breath or malodor, is a term used to describe malodor present in the mouth, with an intraoral or extraoral origin [1] [2] [3] [4] . This condition may be permanent or transitory depending on oral hygiene habits [5] . Currently, halitosis is a very prevalent complaint whose frequency is only behind that of dental caries and periodontal disease [6] .
The report of bad breath occurs most commonly after waking up, a transient physiological condition resulting from the reduced salivary flow during sleep [7] . Persistent halitosis can be caused by intraoral factors, such as oral diseases (periodontal disease, gingivitis, caries, biofilm accumulation and tongue coating) [4, 7] as well as extraoral factors, such as systemic diseases (upper and lower respiratory tract infection, gastrointestinal disorders, metabolic diseases affecting the kidneys and liver, and endocrine disorders such as diabetes mellitus) [1, 4, [7] [8] [9] .
The malodor originates from volatile sulfur compounds (VSC), i.e., hydrogen sulfate (H2S), methyl mercaptan (CH3SH) and dimethyl sulfate [(CH3)2S] [1, 2, 7, 8, 10] , which are produced by gram-negative bacteria present in the oral cavity [7, 8, 10] . In addition, previous in vitro studies have shown that gram-positive bacteria such as Peptostreptococcus spp. are also able to produce VSC and therefore play an important role in halitosis [7, 10] .
Halitosis can be clinically detected by organoleptic evaluation of the air emanating from the mouth, by gas chromatography (Oral Chroma) [1, 8] or through a sulfide monitor [11] . Other alternative methods include the BANA test (benzoyl-DL-arginine-naphthylamide enzyme), chemical sensors, salivary incubation test, B-galactosidase activity quantification, ammonia monitoring, ninhydrin method and polymerase chain reaction [2] .
Epidemiological studies have reported a prevalence of 32% of self-perceived halitosis in the general population [12] and of 25% to 47% in dental patients [2, 13] . Previous studies have suggested a relationship between age and halitosis, with more intense odor detected in older individuals; as well as an equal proportion between the sexes [13, 14] . Although halitosis is a more frequent complaint in the adult population, children may likewise be affected by this condition [10] .
Self-perceived oral health-related quality of life is a valid method to evaluate the impact of oral conditions in adults and children [15] . Halitosis has a negative effect on the individual's day-today life, affecting socialization and interpersonal relationships [5] . In adolescence, it is a relevant condition impairing social development [15] . Previous studies have found a significant association between malodor self-perception and the clinical diagnosis of halitosis in individuals who were not concerned with such a condition [14] , as well as in patients seeking dental care [16] . These findings have provided evidence that the subjective method is a valid approach in the evaluation of halitosis.
Currently, there is only one specific tool available to assess halitosis-related quality of life, which was developed in English and requires 5 minutes for its application [5] . The "Halitosis Associated Lifequality Test" (HALT) is valid and reliable for use in adults with halitosis detected by organoleptic testing [5] . Nevertheless, there is no proposal for the translation and validation of this questionnaire in Brazil, especially for use in young individuals with a subjective and clinical diagnosis of halitosis.
Thus, the aim of this study was to translate the HALT into Brazilian Portuguese, and perform its transcultural adaptation and validation for use in adolescents. The specific aims were to evaluate the differences and investigate an association of the HALT scores with the demographic, clinical and halitosis self-perception characteristics of the study population.
Material and Methods

Study Design and Ethical Issues
This was a quantitative and cross-sectional study carried to validate the HALT questionnaire. The study project was previously approved by the Research Ethics Committee at Piracicaba Dental School, University of Campinas (FOP/UNICAMP), under Protocol No. 1.918.555.
Written authorization was obtained from the corresponding author of the original questionnaire for translation into Portuguese and transcultural adaptation to the context of the Brazilian culture. In addition, the directors of public schools in the city of Piracicaba, SP, Brazil, authorized the study execution, as well as did all legal guardians and participants by signing an informed consent form.
Measurement Tools
The HALT was originally developed in English [5] to assess the impact of halitosis on quality of life. It is a specific and self-applied questionnaire composed of 20 items related to physical, emotional and functional limitations as well as to personal and social difficulties resulting from the presence of halitosis. The items are measured by a Likert scale of 5 points and indicate the intensity of the issue based on its frequency (score 0, no issue; 1, very minor issue; 2, minor or mild issue, 3, moderate issue, 4, severe issue; 5, worst possible issue). The scores can range from 0 to 100, and a higher the score indicates greater impact on quality of life.
The methodology proposed in specific literature in the light of internationally recommended guidelines was followed to translate the questionnaire into Brazilian Portuguese, as well as to adapt and validate it for the Brazilian culture [17] . The steps of this process are illustrated in the Figure 1 . The questions from the English version of the HALT were translated into Portuguese by two independent English translators from Brazil, whom were unaware of the study purposes. The translators were instructed to carry out a conceptual, non-literal translation. A review committee evaluated the two translations (T1 and T2) and by consensus reduced the differences found between them. The best translation was chosen, and questions were modified by approximation of terms for better understanding by the Brazilian population. Thus, only one version translated into Portuguese was obtained.
Backtranslation
The translated version in Portuguese was submitted to two bilingual translators with English as their first language, whom were unaware of the original text. The translators made a new version for the English language. They were not allowed to have contact with the original text written in English to avoid any influence during translation. The purpose of the backtranslation (BT1 and BT2) was to detect errors or deviations from the original questionnaire, as suggested by the backtranslation methodology [17] . Therefore, only one version backtranslated into English was obtained.
Review by Expert Committee
A review committee composed of two specialists in Pediatric Dentistry, with expertise in the topics addressed in the questionnaire, fluent in English and Portuguese, compared the two translated versions of the HALT with the original English version. Adjustments were made accordingly to obtain a single accurate Portuguese version of the questionnaire, which corresponded to Portuguese version no. 1 (V1). During this procedure, semantic, idiomatic and experimental or cultural equivalences were observed [18] .
Cultural Adaptation (Pre-Test)
In a pre-test, V1 was self-applied in a group of 13 adolescents who did not participate in the final sample. The purpose of this step was to check for the clarity of the questions. An option was included in each question with the sentence "I did not understand". Cultural equivalence would be established when at least 85% of the adolescents did not demonstrate any difficulty in answering each question [17] . Questions that were not understood by more than 15% of participants were reevaluated by the expert committee and replaced by others with the same concept, so that the structure and properties of their evaluation would not be significantly altered. After the modifications, the Portuguese version no. 2 was applied to another group of 13 students to test its cultural equivalence to guarantee that questions were understood by more than 15% of students.
Then one socioculturally adapted version of the HALT for Brazilian Portuguese was obtained. At Pesqui Bras Odontopediatria Clin Integr 2019; 19(1):e3807 this phase, the only exclusion criterion was the inability to understand and/or self-fill the questionnaire.
Validation and Reproducibility
To validate the questionnaire, a sample of 56 adolescents of both sexes, aged between 12 and 15 years, with a permanent healthy dentition (except for third molars), was used. The sample calculation was based on the Pahm study [16] , with Spearman's correlation coefficient of 0.50 for hydrogen sulfide (H2S) and 0.46 for methylmercaptan (CH3SH). Based on the lower correlation coefficient (r = 0.46), a test power of 0.80, an alpha level of 0.05 and a correction factor of 1.2, the minimum recommended sample size was 36 volunteers.
The inclusion criteria consisted of the presence of all permanent teeth, except for third molars, and absence of dental caries. Subjects who reported upper respiratory tract infection, antibiotic use during the three weeks prior to examination, and inappropriate behavior and/or refusal to collaborate on dental procedures and data collection, were excluded from the study. The students in need of dental treatment were referred to the undergraduate dental clinics at FOP/UNICAMP. A total of 25 out of the 56 adolescents were randomly selected to redo the HALT after two weeks from the first application in order to determine the reproducibility of the questionnaire.
Clinical Oral Examination
Oral hygiene was evaluated by a trained examiner (by the inlux method) [19] considering the presence of dental biofilm, gingivitis and tongue coating. All evaluations took place before the school daily break, that is, before meals. The training consisted of visual observation of images (for 1 minute each) and the diagnosis (presence and absence) of the oral conditions, with different levels of severity; then the results were compared with the gold-standard records.
The presence of visible biofilm was evaluated in the vestibular surfaces of the upper incisors without the use of dye. The presence of biofilm in one incisor was classified with score 1, in two incisors with score 2, and so forth, until score 4 [20] .
The periodontal condition of the adolescents was evaluated by the Community Periodontal Index (CPI) based on the World Health Organization criteria [21] . The index teeth (16, 11, 26, 36, 31, 46) representative of each buccal sextant were examined using the CPI probe. The probe was applied under pressure (20 grams: it is recommended as a practical test to place the tip of the probe on the thumbnail and press until a slight ischemia is seen) into the gingival sulcus of the index teeth to detect subgingival calculus and bleeding. The following codes were used: 0, healthy sextant; 1, sextant with bleeding; 2, presence of calculus; X, excluded sextant (less than 2 teeth); and 9, not registered. The CPI also considers the analysis of periodontal pockets (codes 3 and 4), but this is not applicable in children under 15 years of age.
Tongue coating was evaluated according to a previously described method [7] . Briefly, the tongue was divided into sextants: posterior portion (right, middle and left) and anterior portion (right, middle and left). Each sextant was given a score varying between 0 (no coating) and 2 (excessive coating); the sum of the sextants determined the final score. A higher score indicated a greater amount of tongue coating.
Self-Perceived Halitosis
To analyze the self-perception of halitosis, students were instructed to close their mouth for 3 minutes, place their hands over their mouth and nose, and then exhale the air from their mouth and breathe through their nose [1] . The students rated the intensity of the odor in a scale of 5 points, namely: 0, no smell; 1, questionable smell; 2, mild yet easily perceivable smell; 3, moderate smell; 4, strong smell; and 5, extremely bad smell [22] .
The adolescents were instructed NOT to: (1) consume garlic, onion and/or food with strong seasoning 48 h before the examination; (2) drink alcohol, use mouthwash and smoke in the previous 12 h; (3) perform oral hygiene (brushing, flossing and tongue cleaning) 2 h prior to examination; (4) eat or drink in the previous 2 h; and (5) use perfume and aromatic cosmetics on the morning of the exam.
Psychometric Analysis
The data obtained were used to evaluate the psychometric properties of the questionnaire, which were: reliability (internal consistency and reproducibility) and validity (criterion, construct and predictive).
Internal consistency reflects the extent to which the items in a questionnaire measure the same phenomenon. This was evaluated by the standardized Cronbach's alpha coefficient, which evaluates whether the degree of total variance of the test results is associated to the sum of the variance from item to item; the result can range from -1 to +1, indicating, respectively, the maximum negative and positive correlations between the components of the measure. Values above 0.80 indicate good internal consistency; however, in questionnaires with a reduced number of items, such as in the present study, values starting at 0.60 are acceptable [23] .
The temporal stability of a research instrument refers to the degree to which its repeated application to the same subject produces equal results, that is, it is related to the constancy of the results obtained. The Intraclass Correlation Coefficient (ICC) differentiates the variability attributed to the error of the differences between the data, in that values between 0.81 and 1.0 indicate nearly perfect test-retest reliability; 0.61 to 0.80, substantial; and 0.41 to 0.60, moderate reliability [24] .
Criterion validity establishes the validity of a measuring instrument by comparing it with some external or standard criterion. In this study, the criterion validity was determined by comparing and correlating the HALT scores among the self-perceived halitosis responses obtained by a single question. 
Results
Table 1 summarizes the decision process regarding the specification of the Brazilian
Portuguese versions for elaboration of the final questionnaire, which was submitted to a primary translation, backtranslation and review by an expert committee. Incomprehensible technical terms were replaced by others culturally accepted. The best expressions and words were used to adapt the text to the cultural background of the studied population. This part of the study considered the following: (1) semantic equivalence (grammar and vocabulary), where terms such as "change of taste", "problems speaking", "appearance affected", "spending time" and "mentioned" were replaced, respectively, by "altered taste", "avoid speaking", "bad appearance", "waste of time" and "speak up"; and (2) idiomatic translation (non-literal translation of expressions yet with equivalent meaning) and cultural translation (experiences lived within the cultural context of society), where terms like "limiting certain food" and "halitosis" were replaced, respectively, by "avoiding some food" and "bad breath". Thereby, the third Brazilian Portuguese version (V3) of the questionnaire was obtained. V1, first translated version selected; V2, second translated version selected; V3, selection of a modified version; V1 = V2, equality between the two versions; V1≈V2, similarity between the two versions, with specificity for the second one.
To assess the cultural equivalence of the HALT, V3 was applied to 13 students selected through a draw of the authorization forms obtained in the pre-test. In each question, the options "did not understand" or "not applicable" were included to identify the questions that were not understood. Table 2 shows the distribution of adolescents at each phase of the pre-test. In the first phase, the majority of the sample was male (53.8%), aged 14 years (76.9%), with a level of incomprehension higher than 15% for items 2, 12 and 15. The terms "amygdala", "embarrassments"
and "avoid going out" were replaced, respectively, by "throat", "shameful situations" and "avoid contact with other people". In the second phase, there was a predominance of females (61.5%),
approximately half of the sample were 14 years old (46.2%), with a comprehension level above 85% for all questions. With this, the HALT was considered to be socioculturally adapted for the adolescent population. Table 3 HALT: Halitosis Associated Life-Quality Test; SD: Standard Deviation; CI: Confidence Interval; *Number and percentage of subjects with score "zero"; **Number and percentage of subjects with maximum score. Table 4 shows the results of the discriminant validity. Males presented, on average, a higher HALT score than females (14.9 vs. 7.5), but with no significant difference (p = 0.155). The HALT scores did not differ significantly between the ages (p = 0.311), with the highest average found in 13-year-olds (12.2 ± 11.4) and the lowest in 15-year-olds (4.8 ± 4.5). Although not significant, an upward trend of the HALT mean score was observed in the presence of teeth with visible biofilm, bleeding and/or calculus. Subjects with "excessive" tongue coating in the posterior tongue region presented, on average, a higher HALT score than those with mild and/or moderate coating (6.0 vs.
3.0; p<0.001). In addition, subjects with "excessive" tongue coating in the anterior region also showed a greater HALT score, although it did not differ significantly from those with mild and/or moderate tongue coating.
The criterion validity can be found in Table 5 . Subjects who perceived oral odor as "moderate smell" and "no smell" presented, on average, higher and lower scores, respectively (15.4 vs. 6.7), but with no significant differences. The correlation coefficient between the total score of the single question and the HALT score was 0.19, with p value = 0.152. Table 6 shows the results of multiple linear regression analysis. The male sex was significantly related to higher HALT scores (p<0.05). There was no significant relationship between the HALT score and the other independent variables. 
Discussion
The mouth odor is part of the individual's body and self-image. Its self-perception and the criticism of other people can significantly affect one's quality of life [25] . The HALT questionnaire, originally developed in English, is a specific research instrument designed to assess halitosis-related quality of life [5] , a rather important issue today [25] . As it is an international questionnaire, the HALT should be adapted prior to being used in other languages and cultures [26] .
The translated questionnaire should have the same effect as the original one on the culture into which it is being adapted [26] . The semantic assessment during cultural adaptation of foreign instruments must have a conceptual foundation and be based on a carefully defined methodology [17, 18] . In a previous study [26] , a model was suggested by French researchers [17] to minimize losses resulting from change of language. This was the model of choice in the present study for translation, backtranslation and cultural adaptation of the HALT into Brazilian Portuguese. In order for the translations to achieve a high level of quality, two translators and two independent backtranslators participated in this process, thus allowing a comparison between versions, identifying errors in some questions and choosing the most appropriate terms. In view of semantic equivalence, the analysis of more than one translated version allowed the use of items from different versions and the choice for a third alternative when none of the two versions proved appropriate [18] .
The expert committee analyzed the semantic, idiomatic and cultural aspects of the questionnaire not to limit its translation to the corresponding literal meaning. It is worth noting that the pre-test sample size was adequate and exceeded that recommended by the American Academy of Orthopedic Surgeons/Institute for Work and Health (AAOS/IWH), which determines the recruitment of 5-10 subjects with the same characteristics of the target population at each pre-test phase [27] . The original study proposes that the HALT be self-applied, requiring the respondent to carefully read the instructions before answering the questions [5] . In the pre-test, the examiner read the initial instructions to ensure that the rules for completing the questionnaire were fully understood.
The translation and cultural adaptation of a halitosis-related quality of life foreign instrument should follow careful methods. This is due to the fact that subtle differences in diverse cultures can cause misunderstandings and affect its psychometric properties [26] . To assess the criterion validity of the Brazilian Portuguese version of the HALT, a single question on perception of halitosis was included in this study. There was a positive yet non-significant correlation between the total score of the single question and the HALT score; the subjects who perceived their oral odor as "moderate smell" and "no smell" presented higher and lower scores, respectively, although with no statistical significance. The self-perception of halitosis is not well defined in the literature, since the veracity of malodor self-reports does not commonly correspond to the objective presence of halitosis; this may be due to the difficulty of the individual in evaluating their own mouth air [12] .
However, the subjective evaluation of halitosis correlates well with self-perception or analysis by examiners [28] .
In the construct validity, adolescents with greater amount of posterior tongue coating had a higher HALT score than those in the other categories. The literature reports that oral hygiene issues play a role in the onset of oral malodor in both adults and children [9, 29] , mainly upon biofilm accumulation and gingival bleeding [29] . In addition, it has been suggested that the microbial composition of the tongue coating, as well as its thickness and extension, influence the production of malodor [3, 14, 29, 30] , which favors VSC production on the tongue dorsum [3, 13, 30] .
As observed in this study, the relationship of halitosis with oral hygiene is more significant when tongue coating is present. Even in people with a healthy periodontium, halitosis can be caused by the impaction of food, bacteria, leukocytes and epithelial cells on the dorsum of the tongue, which is a site with extensive surface and high retentive capacity [13] .
Multiple regression analysis revealed that the male sex was the only variable showing a significant relationship with higher HALT scores. These findings corroborate previous studies showing predominance of halitosis in male children aged 6 to 9 years, 6 to 16 years [10] and 7 to 15 years [9] . However, a study carried out in Israel [29] showed no difference between the sexes in the 5 to 14 age group, nor was there a difference in the adult population [13, 30] .
It is known that adolescents with self-reported halitosis have a negatively impacted quality of life [15, 31] , mainly in their social life, due to the constraints of daily communication [13] .
Preventive measures aimed at oral hygiene education may help prevent halitosis.
Lastly, the following limitations of this study should be taken into account: sample size, although previously estimated, was relatively small; the sample consisted only of adolescents attending public schools, so that the clinical results associated with halitosis may not be extrapolated to the general adolescent population. Future studies utilizing organoleptic analysis and/or gas chromatography are encouraged to confirm the results observed in this study. In addition, further research should relate the self-perception of halitosis with normative data so that to increase the validity of the questionnaire.
Conclusion
The Brazilian Portuguese version of the Halitosis Associated Life-quality Test was easily understood by adolescents. Those with greater tongue coating accumulation reported more frequently the presence of halitosis, which was only associated to male sex.
